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a tric l yc i i
Sustained bundle branch reentrant ventricular tachycaidia is
an arrhythmia that incorporates the His bundle, the right and
left bundle branches and transseptal conduction as critical
components of the reentrant circuit (1). The presence of
myocardial or valvular dysfunction has thus far been recog-
nized as the only suitable anatomic substrate for the devel-
opment of this tachycardia . In this context, this arrhythmia
has been reported to occur more frequently in patients with
idiopathic dilated cariiomyopathy (1,2), but it can also occur
in patients with dilated ventricles secondary to coronary or
significant valvular heart disease (1) .
This is a wport of three patients with sustained bundle
branch reentrant ventricular tachycardia who had a clinical
evaluation that disclosed only isolated conduction abnormal-
ities of the His-Purkinje system with no evidence of myo-
cardial or valvular dysfunction . In this setting, bundle
prom the likctrophysiolgy Laboratory
. University of Wisconsin/
M" a u
ee Clinical Campus, Sinai Samaritan Medical Center, Milwaukee,
Wisconsin,
Manuscript received November 30, 1992
; revised manuscript received
May 21,1993, accepted June 9, 1993
.
Addressfor corns	
ace Dr
. Zalmen Blanck, Sinai Samaritan Medi-
cal Center, Mount Sinai Campus, 945 North 12th Street, Milwaukee, Wiscon-
sin 53233 .
01993 by the American College of Cardiology
dysfunction in any patient . 'l t -4, hW interval was pro-
longed in each patient (90, 101) and 75 ins, respectively). Pro-
grammed right ventricular stimulation initiated bundle branch
reentrant tachycardia with typical left (three patients) and right
(one pnticut) bundle branch block pattern. Catheter ablation of
the right bundle branch using radio uency current abolished
bundle branch reentry in all three patients. After 26-, 13- and
8-month follow-up periods, complete right bundle branch block
persisted, and all three patients remained asymplomatic without
antiarrhythmic drugs.
Conclusions. Sustained bundle branch reentry can be a clinical
arrhythmia in patients with no identifiable myocardial or valvular
dysfunction ex for isolated conduction abnormalities in the
His-Purkinje system. This mechanism of tachycardia should be
recognized during rophysiol c evaluation, given the serious-
ness this arrhythmia and the availability of effective treatment .
(J Am Coil Cardiol 1993,22 :1718-22)
branch reentrant tachycardia would he considered highly
unusual and is likely to be misdiagnosed. Bundle branch
reentry may be the mechanism of wide QRS complex
tachycardia in the absence of myocardial or valvular dys-
function and should be recognized during electrophysiologic
testing, given the availability of curative nonpharmacologic
treatment .
Case Reports
Patient 1 . A 54-year old mildly retarded white man pre-
sented elsewhere in 1985 with presyncope and a wide QRS
complex tachycardia at 240 beats/min with left bundle
branch block configuration and leftward axis . Direct current
cardioversion was performed after failure of multiple intra-
venous antiarrhythmic drugs . The surface electrocardiogram
(RCG) during sinus rhythm demonstrated a first-degree
atrioventricular (AV) block and intraventricular conduction
delay of left bundle branch block type. Radionuclide angiog-
raphy demonstrated a left ventricular ejection fraction of
56% with normal size and wall motion . During baseline
electrophysiologic testing, sustained monomorphic ventric-
ular tachycardia, identical to the patient's clinical tachycar-
dia was induced, and a diagnosis of bundle branch reentrant
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ventricular tachycardia was made . He was referred to our
institution for catheter ablative therapy after experiencing
two syncopal episodes while receiving antiarrhythmic ther-
apy.
The patient's medications included cpi ;nidine, mexiletine
and metoprolol for control of his arrhythmia and phenytoin
for seizure disorder . Cardiac catheterization showed normal
left ventricular size and function, with an ejection fraction of
65%. There was only a 30% stenosis in the left anterior
descending coronary artery after the first diagonal branch .
The other coronary arteries were normal . Radionuclide
angiography and echocardiographic evaluation did not re-
veal any wall motion abnormality .
Elearophysiologic evaluation . An elect rophysiologic
study was performed while the patient was receiving the
aforementioned antiarrhyllimic drugs. Electrode catheters
were positioned in the right atrium, in the region of the His
bundle or right bundle branch, or both, and in the right
ventricular apex . The baseline rhythm was sinus at a cycle
length of 700 ms, with an All interval of 130 ms, an IIV
interval of 90 ins and a right bundle branch-V interval of
60 ms. During programmed right ventricular extrastimula-
tion, sustained bundle branch reentrant ventricular tachycar-
dia of two different configurations was reproducibly induced
(Fig. 1). One configuration exhibited a left bundle branch
block pattern and a cycle length of 380 to 410 ms that was
identical to the clinical tachycardia (Fig . ]A and 2A) . The
other tachycardia exhibited a right bundle branch block
pattern with a leftward axis and a cycle length of 355 to
390 ms (Fig . W and 2B). Both tachycardias were accompa-
nied by AV dissociation .
The induction of tachycardia was related to the achieve-
ment of critical conduction delay in the His-Purkinje system
(V,H, intervals of 340 and 150 ms for bundle branch reentry
with left and right bundle branch block patterns, respective-
ly). The initiation of tachycardia with a right bundle branch
block pattern most often required the introduction of extra-
stimuli during drives incorporating greater changes in cycle
length (400/700 or 400/800 vs . 400/600 for tachycardia with a
left bundle branch block configuration). During tachycardia
with a left bundle branch block pattern, the impulse propa-
gated along the right bundle branch in the anterograde
direction, and activation of the His bundle preceded that of
the right bundle. The HV and right bundle branch-V inter-
vals remained unchanged at 90 and 60 ms, respectively (Fig .
IA and 2A). In contrast, during tachycardia with a right
bundle branch block pattern, activation of the right bundle
branch occurred before that of the His bundle with a right
bundle branch-V interval of 310 ms (Fig . 113 and 2B). The
introduction of single and double premature ventricular
impulses could terminate each tachycardia . However, the
introduction of triple extrastimuli reversed the reentrant
circuit from a left bundle branch block pattern to its right
counterpart .
Patient 2. This 3a-year old mentally retarded, diabetic
man presented to thee emergency room with episodes of
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Figure 1 . Initiation of bundle branch reentrant tachycardia during
right ventricular premature extrastimulation (Patient 1) . From top to
bottom tracings are surface electrocardiographic (ECG) leads 1(1),
11(2), V, ; right atrial (RA), right bundle branch (RR) electrograms ;
and time lines (T) . Sustained bundle branch reentrant tachycardia
with a left (A) and right (B) bundle branch block configuration is
initiated after the introduction of a single premature extrastimulus
with different coupling periods to a short-long pacing sequence . A
different sequence of His-Purkinje activation is evident by a right
bundle branch-ventricular electrogram (V) interval of 60 ms during
anterograde propagation along the right bundle branch (A), and
310 ms during anterograde propagation along the left bundle branch
(B) (see text for discussion) . In B, the shorter RB-V interval in the
him beat compared with subsequent beats (not labeled) may be
explained by conduction delay during retrograde propagation in the
right bundle . This delay may have allowed the left bundle branch to
recover anterogradely compared with the following beats, where the
V-RB was shorter (not labeled) . A and RA = right atrial electro-
gram ; RB = right bundle branch electrogram ; S = paced ventricular
beats ; T = time lines ; V = ventricular electrogram. Intervals are in
milliseconds .
palpitation and a wide QRS complex tachycardia. The ECG
during sinus rhythm showed a first-degree AV block and
nonspecific intraventricular conduction delay . Cardiac cath-
eterization demonstrated normal left ventricular size, wall
motion and ejection fraction, and coronary angiography
showed normal coronary arteries . Echocardiographic stud-
ies and radionuclide angiography showed no organic heart
disease and a left ventricular ejection fraction of 58% .
Electrophysiologic evaluation . Electrophysiologic study
showed an AH interval of 110 ms and an HV interval of
100 ms during sinus rhythm
. Programmed ventricular stini-
ulation induced sustain-.J bundle branch reentrant tachycar-
dia only after the intravenous administration of 300 mg of
procainamide . This tachycardia had a left
bundle branch
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Figure 2 . His bundle electrogram during bundle branch reentrant
tachycardia with left and right bundle branch block configuration
(Patient It His bundle etectrograms during bundle branch reentrant
Wchycardia with a left (A) and right (B) bundle branch block
configuration. As in Figure 1, a different sequence of His-Purkitlie
system activation is displayed by HV intervals of 90 and 250 ms in
each tachycardia, respectively . Note the presence of atrioventricu-
lar dissociation . H, HB = His bundle electrogram ; other abbrevia-
tions as in Figure 1 . Intervals are in milliseconds .
block pattern and a leftward axis with a cycle length of
270 ms. The HV interval during tachycardia shortened to
90 Ins, Tachycardia termination was accomplished when
induced extrastimuli encountered a block below the His
bundle .
Patient 3. This 72-year old man developed a wide QRS
complex tachycardia 48 h after a total knee replacement .
This tachycardia was associated with hernodynamic collapse
requiring cardiopulmonary resuscitation and direct current
cardioversion, The surface ECG during sinus rhythm
showed intraventricular conduction delay with a QRS dura-
tion of 120 ms . Acute myocardial infarction was ruled out by
serial ECGs and cardiac enzyme determinations. Echocar-
diographic studies revealed normal left and right ventricular
size, normal wall motion and no significant valvular abnor-
malities . Cardiac catheterization showed 50% stenosis in the
proximal right and mid-left anterior descending coronary
arteries and normal left ventricular wall motion .
Electrophysiologir evaluation, Electrophysiologic test-
ing revealed an AH interval of 85 ms, an HV interval of
75 ms and a right bundle branch-V interval of 35 ms . Two
episodes of bundle branch reentrant tachycardia with a left
bundle branch block pattern occurred spontaneously in the
electrophysiology laboratory without electrical provocation .
During right ventricular extrastimulation, sustained bundle
branch reentrant tachycardia with a left bundle branch block
pattern and a leftward axis with a cycle length of 240 ms was
reproducibly induced . The HV interval during tachycardia
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shortened to 60 ms. All episodes of tachycardia were poorly
tolerated hemodynamically and required prompt termination
by overdrive pacing .
Ablative procedure. Each of these three patients under-
went catheter ablation of the right bundle branch using
radiofrequency current, which was delivered between the
distal electrode of the ablating catheter and an external
adhesive patch electrode (Scotchplate 11490, 3M Co .)
placed on the chest wall . A conventional electrosurgical
generator (Valleylab Force 2) was used in the first two
patients, and a LIZ-88 (American Cardiac Ablation Corpo-
ration) ablation unit was used as the source of radiofre-
quency current in the third patient . The specific details of
each ablation unit have been described elsewhere (3) . The
ablation catheter was a 7F deflectable quadripolair catheter
with a 4-mm bulbous-tipped electrode (Mansfield Scientific)
that was positioned in the right ventricular septum at the
right bundle branch region to obtain a bipolar recording of
the right bundle branch (4) . Radiofrequency current (20 to
30 W for 20 to 60 s) was delivered during sinus rhythm in the
successful ablation site determined by the appearance of
right bundle branch block in the surface ECG . The HV
intervals after successful right bundle ablation in Patients l
to 3 was 140, 100 and 90 ms, respectively . Immediately after
ablation and 30 min later, the same pacing protocols were
repeated to assess inducibility of bundle branch reentry . The
end point of the procedure was determined by noninducibil-
ity of bundle branch reentrant tachycardia, which was
successfully achieved in all three patients .
Follow-up. Twenty-four hours after ablation, repeat right
ventricular extrastimulation was performed in Patients I and
2. Bundle branch reentry could not be induced in either
patient using the same pacing protocols . Patient 3 did not
undergo repeat study by request of his attending physician .
In all three patients, the surface ECG at hospital discharge
showed complete right bundle branch block . During 26-, 13-
and 8-month follow-up periods, all three patients remained
asymptomatic without episodes of ventricular tachycardia,
and the surface ECG continued to show complete right
bundle branch block in each patient . Antiarrhythmic therapy
was not used in any patient .
Discussion
Anatomic-clectrophysiollogic substrate for bundle branch
reentrant tachycardia . Bundle branch reentrant ventricular
tachycardia is usually associated with a triad of dilated
cardiomyopathy, nonspecific intraventricular conduction ab-
normalities and a prolonged HV interval (1) . However, the
three patients described in this report exnibited bundle
branch reentrant tachycardia in the absence of any detect-
able myocardial or valvular dysfunction . Because of the
previously documented relation between structural heart
disease and sustained bundle branch reentry (1), this mech-
anism of ventricular tachycardia may be considered highly
unusual or not considered at all in this setting .
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A variety of ventricular tachycardias have been described
in the presence of an otherwise apparently normal heart
(5,6) . To our knowledge, only one case of ventricular tachy-
cardia due to bundle branch reentry in the absence of
myocardial or valvular dysfunction has been reported (7) .
However, in that patient, spontaneous resolution of the
baseline ECG abnormality of intraventricular conduction
and clinical tachycardia were noted during a 7-month follow-
up period . In the largest published series of 20 patients with
this arrhythmia (1), all had significant structural heart dis-
ease with a mean left ventricular ejection fraction of 25% .
The association of this tachycardia and structural heart
disease has also been noted in other reports (4,8-12) . Al-
though sustained bundle branch reentrant tachycardia is
particularly more common in patients with dilated cardiomy-
opathy of the idiopathic variety (1,2,8), any disease process
leading to a dilated ventricle could conceivably be the
underlying etiology of this arrhythmia .
The presence of mental retardation in two of these three
patients is striking, but the significance and relation, if any,
to conduction abnormalities in the His-Purkinje system is
unknown. Except for a case report of infra-His AV block in
a patient with mental retardation and seizures due to tuber-
ous sclerosis (13), we did not find any published reports of
any relation between mental retardation and isolated con-
duction abnormalities in the His-Purkinje system .
It has been proposed that in addition to His-Purkinje
system disease, cardiac dilation may play a role in facilitat-
ing bundle branch reentry in patients with cardiomyopathy
(2) . However, the occurrence of tachycardia in these three
patients argues against this hypothesis . The presence of
conduction delay in the His-Purkinje system and possibly
functional slowing of transseptal muscle conduction (14)
may be sufficient for the occurrence of this arrhythmia .
Evidence of His-Purkinje system disease was present on the
surface ECG in all three of these patients, as has been
previously described in patients with structural heart disease
(1,8) . In this context, detailed postmortem studies have
revealed isolated abnormalities of the cardiac conduction
system in the syndrome of unexplained sudden death (IS) . It
is conceivable that in some of these patients, the described
pathologic findings could have created the appropriate elec-
trophysiologic milieu for the development of sustained bun-
dle branch reentrant tachycardia .
Electrophysiology of bundle branch reentrant tachycardia
with right bundle branch block configuration (Patient 1) . The
QRS configuration of induced bundle branch reentrant
tachycardia (i .e ., left vs . right bundle branch block pattern)
is dependent in part on the site of stimulation . During right
ventricular stimulation, bundle branch reentry usually dem-
onstrat-.s a left bundle branch block pattern because induc-
tion of retrograde right bundle branch block is easier to
accomplish from the right ventricle . The initiation of bundle
branch reentrant tachycardiaa with a right bundle branch
block pattern during right ventricular pacing (Fig . 113 and
2B) is uncommon (1,8) and may require left ventricular
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stullation, (2) not routinely performed during efectrophysi-
ologic studies . However, in Patient !, this type of bundle
branch reentrant tachycardia was repeatedly induced during
programmed ventricular stimulation . Initiation of the right
bundle branch block form of tachycardia during right ven-
tricular stimulation requires retrograde impulse propagation
by way of the right bundle branch-His bundle axis, along
with retrograde block in the left bundle branch-His bundle
axis. These requirements are fulfilled only if the effective
refractory period of the left bundle branch exceeds that of
the right bundle branch or when the retrograde conduction
over the right bundle branch is resumed after the initial
bilateral block in the His bundle system (i .e ., gap phenom-
enon) (16) . Because this patient was studied while receiving
combination antiarrhythmic therapy, it is conceivable that
these medications may have affected the electrophysiologic
behavior of the His-Purkinje system (17) and set the stag ,
induction of this type of bundle branch reentry .
In the same patient, markedly different HV intervals
occurred during tachycardia with right bundle branch block
morphology compared with sinus rhythm after ablation of
the right bundle branch (250 and 140 ins, respectively) . In
both cases, exclusive anterograde propagation is by way of
the left bundle branch . This difference in HV intervals is
probably due to the presence of a severe conduction abnor-
mality in the left bundle branch that worsened during tachy-
cardia (cycle length 355 to 390 ms) compared with sinus
rhythm (cycle length 700 ms). In addition, antiarrhythmic
drug effects may have played a role in further prolonging the
HV interval during anterograde propagation along the left
bundle branch at a faster cycle length . The different His right
bundle branch and right bundle branch-His intervals during
tachycardia with a left and right bundle branch block con-
figuration (30 or 60 ms, respectively) could be explained by
different conduction properties during anterograde versus
retrograde propagation, particularly in the presence of a
diseased His-Purkinje system . The best argument that these
tachycardias were due to sustained bundle branch reentry is
that their initiation was successfully abolished with a single
application of radiofrequency current "nonspecifically" tar-
geted to the right bundle region . In addition, both tachycar-
dias had the appropriate sequence of His-Purkinje system
activation (i .e ., activation of the His bundle preceded that of
the right bundle branch during the left bundle branch block
tachycardia, and the activation of the right bundle branch
preceded that of the His bundle during the right bundle
branch block tachycardia), which would be highly unlikely in
the presence of "nonbundle branch reentrant" tachycardias .
When the documented tachycardia has a right bundle
branch block pattern, the inability to induce this tachycardia
configuration during right ventricular pacing not only may
preclude effective therapy that is easily achieved, but also
may lead to inappropriate management decisions (i .e., ther-
apy with an implantable defibrillator) . In addition to left
ventricular stimulation or atrial pacing (1), it may be possible
to induce bundle branch reentrant tachycardia with a right
1722
	
BLANCK ET AL .
bundle branch block pattern during right ventricular pacing References
by introducing paced ventricular beats during bundle branch
reentrant tachycardia with a left bundle branch block pat-
tern. Obviously, one single premature impulse can only reset
the tachycardia cycle length or terminate the reentrant
process. Theoretically, reversal of the reentrant impulse
propagation route requires at least two premature impulses,
with the first impulse producing a block and the second
initiating reentry in the opposite direction . Patient I required
triple extrastimulation for such a reversal . However, be-
cause these ventricular tachycardias are generally not well
tolerated hemodynamically, it is possible that intravenous
administration of class la agents (e.g., procainamide) may be
needed to lengthen the tachycardia cycle length and facilitate
such pacing maneuvers.
The exact reason for the isolated abnormalities of the
His-Purkinje system and possibly the intramyocardial con-
duction seen in these patients is not clear . One can argue that
this process is an early manifestation of a more diffuse
myocardial disease, such as some form of myopathy . Al-
though this may be possible in Patient 2 and 3 with a
relatively short follow-up period, it seems highly unlikely in
Patient 1, who had no deterioration of ventricular function or
size during a 7-year follow-up. Regardless, our data do
su st that a sustained form of bundle branch reentry can
be a clinical arrhythmia in patients who have isolated abnor-
malities of the His-Purkinje system conduction with no
myocardial or valvular dysfunction,
Concbslolss. This report illustrates that when conduction
abnormalities evident on the surface ECG are suggestive of
His-Purkinie system disease, the absence of myocardial or
valvular dysfunction does not exclude bundle branch reentry
as the mechanism of a wide QRS complex tachycardia .
Ventricular tachycardia due to this mechanism should be
recognized during electrophysiologic evaluation of such pa-
tients, given the seriousness of this arrhythmia and the
feasibility of safe and effective treatment .
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